can be altered by manipulation of expression of an OBP,
honeybee MB) and densely packed cell body regions Pelosi, 1994 Figure 1A ) of the MB, are probably too changeably because no difference was found), the MB deep in the brain to be loaded with the Ca 2ϩ sensitive cell body region was readily identifiable because of its dyes. high fluorescence background ( Figure 1D ). This is further Increases in fluorescence intensity were specifically demonstrated in a fly enhancer trap line 221 that specifiinduced by airborne odors and depended on olfactory cally expresses ␤-galactosidase (␤-Gal) in the MB cell sensory neuron activity. This was demonstrated by the body region (Wright and Zhong, 1995). In this fly, the area study of an olfactory mutant, abnormal chemosensory with high Calcium Green labeling matches the ␤-Gal exjump 6 (acj6), which was isolated due to a reduced jump pression ( Figures 1E and 1F) . Figure 1I ). The odor-evoked appear to convey information specific to odor identity or quantity.
We then compared activity patterns in the MB induced by odors. The similarity between patterns of neural activity in the defined MB region was compared pixel by pixel. A correlation coefficient, r, was calculated, which is defined as the ratio of the covariance of the sample populations to the product of their standard deviations. R is a scalar quantity in the interval of [Ϫ1.0, 1.0] (r ϭ 1 for two completely identical images; r ϭ Ϫ1 for one image is the negative of the other).
Repetitive stimulation using the same concentration of an odor induces largely reproducible activity patterns in each individual fly ( Figure 4A ). This is indicated by relatively high degrees of correlation (r ϭ 0.62 Ϯ 0.04, see Table 1 for summaries). In contrast, different con- was used in this study because it only requires exposing flies to odors for a short interval (2 min), which is more comparable to conditions for odor stimulation used in the optical recordings. We first examined WT fly behavior in the T-maze in response to a number of odors, including ethanol, EA, and BA. A similar trend in response was found for all the odors tested. WT flies were attracted toward low concentrations of odors (shown in Figure 6 for EA and BA), as indicated by negative performance index (PI) scores; but were repulsed by these same odors at higher concentrations as indicated by positive PI scores. Surprisingly, the lush mutant flies responded normally to ethanol not only at low but also at high concentrations (data not shown). EA response was also normal in the mutant ( Figure 6A) . However, the mutant lost attraction specifically toward low concentrations of BA while being repulsed by high concentrations as in the WT ( Figure  6B ). It is noted that in the trap assay, in contrast to our finding in the T-maze assay, the lush mutant was normal in response to BA but abnormal to ethanol. This discrepancy may be the result of drastic differences in the T-maze assay is due to the lush mutation, we examined (Table  1) . This alteration is specific to the lush mutation betion neural activity in MBs. BA induced a similar amount of responses in both lush and WT flies even at low cause it was rescued by expression of a lush transgene ( Figure 8C ). In accordance with the behavioral test, the concentrations at which behavior was altered ( Figure  7 ). This result indicated that the behavioral defect obloss of the concentration-dependency of activity pattern in lush mutants was limited to BA among odorants served in the mutant was not due to its inability to sense the low concentrations of BA. A similar result was also tested. As in the WT, EA evoked concentration-dependent patterns of distributed neural activity in lush ( Figure  obtained for the odorant EA (not shown) . Therefore, the amplitude of population neural activity in the MB may 8D). Patterns evoked by different odors, as shown by comparisons among citral, octanol, EA, and BA, also not contribute to the behavioral defect.
We then examined the distribution of neural activity. showed similar odor specificity as the WT ( Figure 8E ).
Discussion
Using Ca 2ϩ imaging to monitor global neural activities, we are able to conduct the first physiological analyses of brain function in the living adult fruit fly, which has previously been extremely difficult because of its small size. The present work has focused on the MB, a second relay of olfactory central nervous system, because of the accessibility and its crucial role in olfactory related learning (de Belle and Heisenberg, 1994). We showed that optical signals recorded from the region of the MB cell bodies were specifically induced by odors through examination of a mutant fly, acj6. Odors at concentrations that failed to evoke receptor potentials in the sensory neurons also failed to produce any response in the MB. Then, further analysis has revealed that the . This conforms that odor attractiveness Drosophila, the part of amplitude-related odor represenis processed in the MB and provides support for our tation at earlier stages is transformed into a distributed hypothesis. spatial representation.
Second, does this odor-specific distribution pattern Second, odor-evoked activities in the MB are distribof MB activity indicate a spatial coding mechanism or uted. In the antennal lobe, depending on its concentraan identity one? The conventional concept of spatial tion, an odor elicits restricted response in a subset of coding often means an identity code, in which informaglomeruli as shown by 2-deoxyglucose mapping in flies tion is defined by the identities of activated neurons (Rodrigues, 1988) . This is directly seen with optical imrather than their physical position (Laurent, 1999) . To be aging in the honeybee, zebrafish, and rat (Joerges et truly spatial, the exact position of neurons has to be an al., 1997; Friedrich and Korsching, 1997; Rubin and Katz, intrinsic and necessary part of coding, as in the retina 1999). However, as shown in this study, odor-evoked or cochlea, for example. By this definition, our analysis activities in the Drosophila MB are rather dispersed in of MB activity would argue for an identity coding mechathe whole area, stronger in some places than others.
nism. Which neurons are firing rather than where they We do not see any confinement of activity to a subregion lie carries information about the odorant and concentraor subregions. It is known from anatomical studies that tion. However, because the current study could not rein insect olfactory input neurons make divergent conlate the MB activity to each single identifiable neuron tacts in the MB (Laurent et al., 1998; Strausfeld et al., and activities between individual flies could not be com-1998). It is not surprising to see in the MB distributed pared with great confidence, addressing the variability response to odor stimulation. In fact, it has been sugof this code will have to await simultaneous identificagested that in the olfactory cortex odor-induced retion of individual MB neurons and monitoring of their sponses might be diffused and widely spread based activity. We are currently working on such a method. on observations of extensive connection among input projection neurons and interneurons (Haberly, 1985) . 
